With the exception of a handful of economically important species, the biology of cixiid planthoppers (Hemiptera: Fulgoroidea: Cixiidae) is poorly known. The host plants and life history of Cixius meridionalis Beirne were investigated in a wetland in Soldotna, Alaska. Specimens were collected over the course of the growing season by hand, aspirator, Berlese funnel, and sweep net. A handful of live nymphs were placed in a terrarium containing potential host plants for direct observation of feeding. C. meridionalis was found to feed on roots of Picea mariana (Mill.) Britton, Sterns & Poggenb, Empetrum nigrum L., Chamaedaphne calyculata (L.) Moench, and Vaccinium vitis-idaea L. At least within the study area, C. meridionalis appears to require multiple years to reach adulthood, with overwintering in nymphal instars. C. meridionalis was occasionally tended by Myrmica alaskensis Wheeler.
Introduction
With the exception of a handful of economically important species that transmit phytoplasmas [1] [2] [3] [4] , the biology of cixiid planthoppers (Hemiptera: Fulgoroidea: Cixiidae) is largely unknown. Nymphs are subterranean, feeding on plant roots or fungi [3] . Adults generally live aboveground but have been collected underground [2, 3] . Some species have a completely cavernicolous life cycle, with adults feeding on roots along with nymphs [5, 6] . Cixiids are usually univoltine, with diapause in nymphal instars [3] , although at least one species requires two years to complete its life cycle [7] . Cixiids are sometimes associated with ants [3, 8, 9] , and at least one species appears to be an obligate guest of ants [10] .
Cixius meridionalis Beirne is the most widespread and frequently collected cixiid in Alaska based on material in the collection of the University of Alaska Museum (Fairbanks, Alaska) and is broadly distributed in northern North America [11] . No biological data are available for this species other than localities and collection dates of adults [11] . Other Cixius species feed on roots of vascular plants (Table 1) .
I first observed C. meridionalis as adults swept from low vegetation at Headquarters Lake, Soldotna, Alaska, on October 20, 2006. In 2008, I observed cixiid nymphs in a Berlese sample from a wetland near Headquarters Lake (KNWR:Ento:8917, http://dx.doi.org/10.7299/X72807QZ) and in a sample of Hylocomium splendens (Hedw.) Schimp. moss from a black spruce forest in the vicinity of the Chickaloon River near Chickaloon Flats. Over the summer of 2013, I sought to determine the host plants and life history of C. meridionalis.
Materials and Methods

Field Sampling.
Adult and nymphal cixiids were sampled by hand, aspirator, and sweep net in the wetland around Headquarters Lake, Soldotna, Alaska (N 60 ∘ 27 35 W 151 ∘ 03 58 ), at least weekly from May 28, when soils in the muskeg were still partly frozen, until the first fall frost on September 20, 2013. Moss samples were collected at least weekly from July 31, 2013, to September 20, 2013, and cixiids were extracted with a BioQuip model 2831 Berlese funnel. Nymphs of C. meridionalis were mainly collected by carefully pulling apart moss and duff by hand and extracting nymphs with a BioQuip model 1135A aspirator. Feeding behavior was difficult to observe in the field because nymphs quickly hopped away or crept down into the substrate to avoid capture, but nymphs were occasionally found in dense moss or duff where they could not easily move away from their 2 Psyche [4] feeding sites. Roots were identified to species by excavating them back to the aboveground parts of the plants. Infested roots were brought to the laboratory and feeding sites were examined for evidence of feeding.
Rearing and Identification.
Adults were reared from fifthinstar nymphs by placing nymphs in vials or plastic bags with damp Sphagnum moss, and then adults were identified using the key of Kramer [11] .
To identify the nymphal instars of C. meridionalis, I developed a key through examination of the nymphs collected and by comparison with existing descriptions and keys [2, 13, 14] .
Direct Observation of Feeding.
In an attempt to observe feeding, several C. meridionalis nymphs were placed in a clear plastic terrarium (27 cm length × 17 cm width × 17 cm depth) filled with a correspondingly sized divot of moss and plants from the Headquarters Lake wetland including Sphagnum moss, a Picea mariana
, and Drosera rotundifolia L. (Droseraceae). The moss was kept moist. Roots visible on the sides and bottom of the terrarium were checked often for feeding activity.
Specimen Records and Specimen Deposition.
Specimens were deposited in the entomology collection of the Kenai National Wildlife Refuge, Soldotna, Alaska (KNWR). Most specimens will be transferred to the entomology collection of the University of Alaska Museum (UAM), Fairbanks, Alaska. Specimen records for both collections are available via Arctos (http://arctos.database.museum/). Complete specimen records for specimens used in this study can be found in Supplementary 
Results
Habitat and Feeding
Behavior. Nymphs were often closely associated with roots of P. mariana, but they also appeared to be on roots of E. nigrum, V. vitis-idaea, and Chamaedaphne calyculata (L.) Moench (Ericaceae) in black spruce muskeg. No nymphs were found farther than about 2 m from boles of black spruce trees, even where the microhabitat contained similar moss communities and ericaceous shrubs. Nymphs were found exclusively in loose, moist moss and duff, where they could move relatively freely through voids (Figure 1) . In some places, there was evidence of abundant activity of C. meridionalis nymphs judging from the quantities of nymphs collected, copious amounts of waxy secretions, and nymphal exuviae, but it was often difficult to distinguish between feeding sites and waxy secretions of cixiids and other Hemiptera including eriosomatines (Aphididae) and ortheziids (Coccoidea). Feedings sites of cixiids were generally less conspicuous than those of eriosomatines and ortheziids, with sparser waxy secretions and imperceptible damage to roots.
One nymph kept in the terrarium fed on a root of E. nigrum (Figure 2) . No other feeding was observed in the terrarium.
Life History.
Sampling by all methods yielded 288 specimens of C. meridionalis (Figure 3) .
Despite targeted searching, only one egg was found that was thought to belong to C. meridionalis. This had been in moss inadvertently taken with nymphs on September 4. Nymphs were collected at Headquarters Lake over the entire sampling season. Only three first-instar nymphs were found between June 7 and August 7. Second-instar nymphs were found from June 7 to September 12 and third-instar nymphs were found from June 5 to September 20. Fourth-instar and fifth-instar nymphs were found for the entire portion of the season sampled (May 28 to September 20). My sampling methods appeared to be biased, yielding more large, lateinstar nymphs than early instars.
Adult males appeared by July 8 and were observed until September 4. Adult females were found from July 12 to August 27. Abdominal wax plates not apparent, length about 1.2 mm (first instar).
Key to the Nymphal Instars of Cixius meridionalis
Additional Observations.
None of the nymphs collected were obviously parasitized. C. meridionalis nymphs, although seldom associated with ants, were not averse to close proximity. When a large colony of Formica aserva Forel (including slaves of Formica neorufibarbis Emery) in a peaty hummock was excavated, C. meridionalis nymphs were found within 2-3 cm of ant tunnels. There was no obvious communication between the ants' tunnels and the feeding places of the nymphs. In one case, a Myrmica alaskensis Wheeler worker appeared to be attending a C. meridionalis nymph. In another case, M. alaskensis workers were found in the same wax-lined cavity with C. meridionalis nymphs.
When disturbed, the nymphs would forcibly squirt honeydew from their posterior ends, sending a narrow stream up to about 1 cm away. This was not obvious in the field but was observed when handling live nymphs under magnification.
Discussion
Within the area sampled, C. meridionalis nymphs appear to be polyphagous on roots of P. mariana and ericaceous dwarf shrubs in moist moss and duff. However, the species' consistent proximity to P. mariana suggests that it is either dependent on P. mariana at some stage in its life history or the two species share similar microhabitat requirements. In addition to the wetland habitat at Headquarters Lake, C. meridionalis has been collected from moist Sphagnum moss in well-drained black spruce forest in Kasilof, Alaska (KNWR:Ento:8918, http://dx.doi.org/10.7299/X7XG9R8K).
Phytoplasmas were recently reported from Poland in Picea abies (L.) Karst. and the two imported Nearctic species Picea glauca (Moench) Voss and Picea pungens Engelm. [15] ; none are currently known from P. mariana. As potential vectors, it would be interesting to check for the presence of phytoplasmas in cixiids associated with Picea spp., especially Cixius beieri Wagner, whose adult hosts include Picea in central Europe [16] .
Based on the observed phenology at Headquarters Lake, the life history of C. meridionalis is suggested to be as follows. Eggs are deposited in the late summer, hatching in the fall or spring. The nymphs appear to take multiple years to reach adulthood, overwintering in place as nymphs. Adults emerge in early July and are active until late September. However, adults can be found over a longer season. The University of Alaska Museum has adults collected as early as June 23 from interior Alaska (UAM:Ento:176723) and I have observed adults at Headquarters Lake as late as October 20.
The unusually long nymphal stage of C. meridionalis at Headquarters Lake as compared to most other cixiids may be due to the cold soil temperature of this wetland, a protracted Psyche life cycle being a common adaptation of insects to cold climates [17] .
As with some other cixiids, C. meridionalis is at least occasionally tended by ants, but the association is facultative and infrequent, fitting best into the "opportunistic and occasional" category of ant attendance defined by Bourgoin [18] .
This species' lack of spines on the fore tibiae, common on many cixiid nymphs, may be an adaptation to the loose, mossy microhabitat in which it lives, where such spines would not be necessary for digging.
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